158   XV. PHASE EQUILIBRIUM WITH MORE THAN ONE SUBSTANCE. This requires that
By this method the conditions of equality of temperature and pressure as well as of the potentials are established.
We might if we preferred deduce the conditions of equilibrium by supposing the complex to be surrounded by a medium of temperature TQ and pressure jp0, and forming the available energy according to § 90, in this case we should obtain the further condition that the temperature and pressure of each phase were equal to T0 and p0 respectively.
154.  Case of absent constituents.    If any component is entirely absent from any particular phase,  it is necessary  and sufficient that its partial potential where it occurs should be less than the potentials which  it  would  have   if   it   were   present  in   infinitesimally  small quantities in the phases from which it is absent.
Thus let fir be the potential of a substance in the phase in which it is present, ^0) the potential it would have if present in infinitesimal quantities in a second phase. Then if a mass dm of the substance were to pass from the first to the second phase without altering the whole volume or entropy of either phase the increase of energy would be 0*(°>— p')dm.
This must be positive or zero, hence ^ < yf® . But a change in the opposite direction is impossible, hence the energy does not necessarily satisfy the usual analytical conditions for a minimum, that is, its variation of the first order does not necessarily vanish, and I*! is not necessarily equal to pW. We have in fact a case in which only "unilateral" variation is possible as considered in § 89 b.
155.  The Phase  Rule.    Now let  us  investigate  the maximum number  of different  phases   which   can  exist  together  in  a single complex formed out of the ~k different substances A, B, . . . K.
Since the temperature and pressure are the same throughout, and the partial potential of each substance is the same in all the phases in which that substance occurs, we have only 7c + 2 variables at our disposal, namely the common pressure and temperature and the values, common to each phase, of the partial potentials of the k substances. We may therefore denote these values by p} T, iia, . . . (i& without using accents to distinguish the different phases.
Moreover we have shown that the existence of any phases y involves a fundamental equation of condition, which may be written in the form occurred in order that these phases should be in equilibrium.
